Extinction-based procedures are often used to inhibit maladaptive fear 2 responses. However, because extinction procedures show efficacy limitations, 3 transcranial direct current stimulation (tDCS) has been suggested as a promising add-4 on enhancer. In this study, we tested the effect of cathodal tDCS over extinction, to 5 unveil the processes at play that boost the effectiveness of extinction procedures and 6 its translational potential to the treatment of anxiety disorders. 7 We implemented a fear conditioning procedure whereby 41 healthy women 8 (mean age = 20.51 ± 5.0) were assigned to either cathodal tDCS (n=27) or sham tDCS 9 (n=16). Fear responses were measured with self-reports, autonomic responses, and 1 0 implicit avoidance tendencies.
Despite its extensive use, measuring fear responses relying solely on SCRs has 1 0 6 its drawbacks. One of which is that this measure is sensitive to the repeated 1 0 7 presentation of stimuli, resulting in a progressive decrease in SCRs amplitude (26, 28) . Implicit avoidance tendencies are argued to be automatic, involuntary, 1 2 0 unconscious, goal-independent, and fast (33) . Similarly to other components of fear, 1 2 1 implicit avoidance can be acquired by associative learning and employed such that a 1 2 2 threating forthcoming event is prevented (e.g. climbing a chair at the sight of a 1 2 3 domestic spider; ,3,34). Furthermore, when the fear of anxiety-inducing cues is 1 2 4 generalized to stimuli that are perceptively similar to the original conditioned stimuli, and fear extinction) plus a follow-up session (day3 -fear reinstatement, re-extinction 1 7 7 and approach-avoidance task-AAT) one to three months later. For the cathodal group 1 7 8 extinction was preceded by cathodal tDCS, whereas for the sham group, extinction 1 7 9
was preceded by sham tDCS. During the 3 days, fear responses were measured by 1 8 0
SCRs (except during tDCS stimulation and AAT), self-report ratings on valence, 1 8 1 arousal, contingency and expectancy, and AAT (cf. Fig 1) . and was similar to day 2 extinction session. The tDCS session was delivered offline and was 20min long. A constant 2 0 4 current of 1mA 5 and .04mA/mm 2 current density was delivered through a tDCS 1- wrapped in saline soaked sponges (0.9% sodium chloride). Current was ramped up 2 1 0 and ramped down during the first and last 30s of stimulation (43) . At the end of the 2 1 1 tDCS session, participants were instructed to report any adverse effects (cf. and Trait Anxiety Inventory (STAI-2; 48). In day 2 and day 3, participants answered 2 1 8 STAI-1 (48).
1 9
Other self-report measures 2 2 0
We used Lang's (49) Self-Assessment Manikin (SAM) scales to assess arousal 2 2 1 and valence. Arousal ranged from one (highly calm) to nine (highly excited) and 2 2 2 valence ranged from one (highly unpleasant) to nine (highly pleasant). We used a 2 2 3 customized scale to assess contingency for the CSs/US association, from 0% (the CS we used a customized scale ranging from zero (I was sure the sound was not coming), 2 2 7 to nine (I was sure the sound was coming).
The rating scales were presented on the screen using E-Prime and answered 2 2 9 using the keyboard. in-house scripts. We used a symbolic task to assess implicit approach-avoidance components of 2 4 0 fear (40). We presented a white frame either in a portrait or landscape position, either used the keyboard to move the manikin as fast as possible, towards or away from the 2 4 3 frame, according to its orientation and regardless the stimulus that was placed inside 2 4 4 the frame. The manikin appeared for 1.5s, followed by the frame, and participants' blocks -one where they were instructed to move the manikin towards the frame when 2 4 8 it was in landscape orientation, and the other where participants were instructed to 1 3 move the manikin away from the frame when it was in portrait orientation. The order 2 5 0 of the blocks was counterbalanced across participants. The task included four practice 2 5 1 trials per block using a grey square instead of colored squares. Each block had eight 2 5 2 conditions, in a two (stimulus: CS+ vs. CS-) by two (frame orientation: portrait vs. AAT, the headphones were not placed. For the main analysis, we excluded 2 participants that did not successfully In day 1, the results of the independent t-tests suggest comparable fear 2 6 8 responses between groups (cathodal or sham) after habituation and acquisition for 2 6 9 each stimulus (CS+ or CS-; t < 1). Two-way repeated measures ANOVA with between-subject factor, show no interaction between stimuli and experimental group, .491, p=.492, η p 2 = .024). Note that due to registration errors, we lost the post- In day 2, two-way repeated measures ANOVA, with stimulus (CS+, CS-) as 2 8 9
within-subjects factor, and group (cathodal, sham) as between-subjects factor showed 2 9 0 that after tDCS session but before extinction, there was no interaction between stimuli Test, showed no main effect of stimuli (Z = .00; p = 1), and Mann Whitney test for 3 0 6
group differences, showed that the mean rank differences between the CS+ and the 3 0 7
CS-were also not statistically significant (U = 208.00, p =.441; cathodal group mean is no evidence for short-term cathodal tDCS effect over extinction. In day 3 (1 to 3 months after extinction), after recall but before re-extinction, factor, and group (cathodal, sham) as between-subject factor showed results similar to 3 1 6 day 2 post extinction, with no interaction between stimuli and experimental group for .313, η p 2 = .03). Also, before re-extinction , a main effect of stimuli was present for there was still no statistically significant interaction between group and stimuli for .016), and expectancy (F (1, 41) = 1.71, p = .440, η p 2 = .015). The main effect of 3 2 5
stimuli that was present before, disappeared after re-extinction for arousal (F (1, 39) = 3 2 6
1.20, p = .280, η p 2 = .030) and for valence (F (1, 41) = 2.26, p =.141, η p 2 = .052).
2 7
Regarding the expectancy ratings though, a main effect of stimuli was still present (F contingency reports, showed that the median rank differences between the CS+ and 3 3 3
the CS-were not statistically significant between groups (U = 216.00, p = 1); and the 3 3 4
Wilcoxon Signed Rank Test showed no effect of stimuli (Z = .00; p = 1) either. In learning (cf. Fig S4 in Supplementary materials) . In day 1, for habituation and acquisition phases, independent samples t-tests 3 4 0 showed no differences between groups, per trial (cf. Fig S3- In day 3 (1 to 3 months after extinction), we tested extinction retention using increased SCRs differentials. This result showed that tDCS may have a detrimental .388, p = .537, η p 2 = .049), suggesting no evidence of cathodal tDCS impact on SCRs 3 6 5
across the re-extinction process. Also, 1mA cathodal tDCS has a long-term 3 6 6 detrimental effect in the fear memory savings towards de CS+ (however easily surpassed by the overall re-extinction results), which does not happen after sham To explore differences in AAT performance across groups we performed a (1, 41) = .006, p = .937, ηp 2 = .000), there was a difference between groups in the 4 0 5
avoidance tendency towards the CS-(F (1, 41) = 12.04, p = .001, ηp 2 = .227). In fact, remains equal to zero (cf. Fig 2B and In this study, we assessed whether cathodal tDCS (assumed to induce neural (SCRs), the subjective experience (self-reports) and the implicit avoidance tendencies 1 lack of overlap between the mechanisms behind each measure. In fact, the expectancy 4 4 7 of harm or the intolerance to uncertainty that emerges during the extinction procedure new learning about the CS+, it may have an effect over the CS-. We found was that 4 5 5 the tendency to avoid the CS+ has similarly decreased after classical extinction with 4 5 6 or without cathodal tDCS. However, for the cathodal group there seems to be a associative learning by changing the functional properties of the network (55).
0 0
Furthermore, we know that tDCS modulates long-distance connectivity to 5 0 1 subcortical structures (11). Hence, previous fMRI studies show that the DLPFC was no information update because participants did not go through a complete 5 1 2 extinction procedure following tDCS. However, according to seminal studies, this 5 1 3 new information is a necessary condition for the update of the CS+/US association 5 1 4 (24).
1 5
On the other hand, the atypical reminder we used seemed to be not effective in to fear conditioning procedures (e.g., 56,57).
2 5
Results seem to suggest that after cathodal tDCS, discrimination between 5 2 6
threatening and neutral cues is enhanced and a positive bias towards potentially group showed that beyond the absence of avoidance tendencies towards any of the 5 3 2 stimuli, there was a positive bias towards the CS-after extinction.
3 3
We used tDCS to boost extinction and to persistently eliminate conditioned of the implicit behavioral fear response to perceptively similar stimuli seems to be 5 3 7
decreased. As such, adding cathodal tDCS may enhance the efficacy of extinction- anxiety disorders such as generalized anxiety disorder and phobias. We believe thus, 5 4 0 that the use of cathodal tDCS as an add-on strategy may be a promising strategy,
although further confirmatory studies should be conducted in the future. 45. Jasper HH. The ten-twenty electrode system of the international federation. In day 3, participants recovered the conditioned fear with a reinstatement procedure (4 Inventory; STAI 1: State Anxiety Inventory; STAI 2: Trait Anxiety Inventory. 
